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Abstract 
More than 64% of Korea's land is occupied by mountain regions, which have terrain characteristics that make it vulnerable to 
mountain disasters. The trails of Taebaeksan Mountain National Park—the region considered in this study—are located in the 
vicinity of steep slopes, and therefore, the region is vulnerable to landslides and debris flow during heavy storms. In this study, a 
slope stability model, which is a deterministic analysis method, was used to examine the potential occurrence of landslides. 
According to the soil classification of the detailed soil map, the specific weight of soil, effective cohesion, internal friction angle 
of soil, effective soil depth, and ground slope were used as the parameters of the model, and slope stability was evaluated based on 
the DEM of a 1 m grid. The results of the slope stability analysis showed that the more hazardous the area was, the closer the ratio 
of groundwater/effective soil depth is to 1.0. Further, many of the private houses and commercial facilities in the lower part of the 
national park were shown to be exposed to danger. 
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1. Introduction
Currently, several natural disasters are occurring all over the world, which have not been frequently experienced in
the past, owing to climate change. South Korea, where 64% of the land is occupied by mountain areas, is exposed to 
the risk of mountain disasters; this is also because the country experiences over 85% of annual average precipitation 
between April and September. For example, Typhoon Rusa (1,232 deaths and disappearances) in 2002 and Typhoon 
Maemi in 2003 (1,157 deaths and disappearances) occurred in the mountain areas and resulted in a great loss of life 
and property.  
To prevent such landslides in advance and in turn reduce damage, appropriate preventive measures developed using 
landslide risk mapping are required. However, landslide risk maps also contain uncertainties, and landslide risk 
assessments based on topographic and geological characteristics have been made without considering rainfall, which 
is an important external factor determining the occurrence of landslides. In general, the mechanism of landslide 
occurrence includes unstable internal factors (cohesion, internal friction angle, etc.) caused by external factors (rainfall, 
etc.); change of soil saturation along with these factors should be considered for the slope stability analysis. To 
effectively cope with landslides, quantitative analysis techniques that consider rainfall are needed to simulate the 
saturation of soil. 
Since 1990, it has become possible to estimate spatial distribution topography, geology, and clinical factors because 
of the rapid development of geographic information systems (GISs) and remote sensing (RS). Further, studies on an 
infinite slope stability analysis that considers these factors along with rainfall and soil saturation have been 
continuously carried out to better understand the regional landslide risk. Based on the concept of soil saturation 
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proposed by O'loughlin (1986), Mont-Geomery and Dietrich (1994) verified that the simulated results for the 
Tennessee and Oregon regions of the United States using the infinite slope stability analysis technique are similar to 
the landslide initiation site. Van Westen and Terlien (1996) extracted the geological and geomorphic factors in the 
Manizales area in Colombia and analyzed the slope stability for each scenario of rainfall and earthquake; further, they 
introduced the concept of the overlay pressure of slope (distribution load of vegetation, building, etc.) to the infinite 
slope stability analysis. Borga et al. (2002) attempted to analyze the slope stability in Cordon and Vauz areas in Italy 
considering the wetting index, overburden pressure, and root cohesion, and introduced the concept of critical rainfall 
and wetness index to determine the failure probability through geographical characteristics of a watershed. Acharya et 
al. (2006) applied an infinite slope stability analysis to the Rasuwa area in Nepal by dividing the soil into dry (m = 0), 
semi-saturated (m = 0.5), and fully-saturated (m = 1); and the variability of safety factor was analyzed considering the 
dynamic characteristics of rainfall in the region. Ray and De Smedt (2009) distinguish the dry soil (m = 0), semi-
saturated (m = 0.5), and fully saturated (m = 1) soil in the Dhaling area of Nepal similar to Acharya et al. (2006), and 
compared and analyzed the volatility of landslide-prone areas based on the specific yield calculated assuming a 2-year, 
25-year rainfall and an initial saturation of 0.5. 
However, in Korea, Oh et al. (2006) examined the applicability of a GIS-based mountain-terrain prediction model, 
SINMAP, to evaluate the applicability of a GIS-based debris flow prediction model. Through the risk analysis of the 
debris flow watershed using GIS, Jun (2011) developed a risk map of the disasters using various topographic, 
geological, and hydrological methods along with the SINMAP model analysis techniques that can be used in Korea. 
Jun (2012) examined the applicability of debris flow prediction in the regions of Umyeonsan Mountain, Seoul, 
damaged by debris flow using a slope stability model that considers the safety factor, which is a deterministic analysis 
method. 
In this study, we considered Taebaeksan Mountain National Park as the field of study, which was recently 
designated as a national park, and analyzed the slope stability using the slope stability model proposed by Brunsden 
and Prior (1984). The model can perform a simple and quick slope stability analysis in regions prone to mountain 
disasters.   
2. Theory of Slope Stability Model
Landslides can be classified depending on the type of occurrence; however, the stability factor of the slope is 
typically evaluated using the concept of safety factors. The safety factor is expressed as the ratio of the force of collapse 
to that of support, and the factors that constitute each force are well known through various landslide studies. The 
model used in this study is proposed by Brunsden and Prior, which is simple yet commonly used. This model is based 
on the assumption that the slope is an infinite slope as shown in Figure 1, and uses the ratio of rainfall to groundwater 
level, as in Equation (1). Infinite slopes measure the stability of the slope, and the slope that collapses is considered 
to be infinite. 
Fig. 1. Infinite slope stability analysis diagram 
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(1) 
Here, F is the safety factor, C is the effective cohesion ton/m2, γ is the soil specific weight ton/m3, m is the ratio of 
the groundwater level to effective soil depth (𝑍𝑤/𝑍), 𝛾𝑤 is the specific weight of water (ton/ m
3), 𝑍 is the depth (m)
of the soil from the surface of the earth, 𝑍𝑤 is the groundwater level (m), β is the ground slope (°), and 𝜑 is the internal
friction angle of soil (°). 
In Equation (1), if the safety factor is greater than 1, it is safe, and if the safety factor is less than 1, it is unstable, 
and the slope is taken at the time of collapse. 
3. Application of Slope Stability Model
3.1 Study area 
Since 2017, Taebaeksan Mountain National Park has been designated as a national park, and trail of the Danggol 
basin, which is the study area, is the most visited region in the national park (596,676 visitors to Taebaeksan Mountain 
National Park in 2017). In the downstream area, as there are private houses and many commercial facilities, there is a 
risk of personal injury and property damage. However, there are no such data regarding the disaster history because it 
was not until recently that the park was designated as a national park. Further, the result of the field survey shows that 
only a few risk areas are marked (6) and are being managed.  
Fig. 1. Study area 
3.2 Building database 
 To evaluate the slope stability, Lester data for the parameters given in Equation (1) are needed. In this study, to 
calculate the safety factor, ArcGIS 9.3.1 was used to extract DEM from a 1:5,000 digital topographic map provided 
by the National Geographic Information Institute with a 1 m resolution. A slope map was generated based on these 
data. In addition, to calculate the safety factor, effective cohesion, soil specific weight, and internal friction angle were 
constructed as a 1 m grid of Lester data from soil classification of the 1:25,000 detailed soil map provided by Korea 
Rural Development Administration. 
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3.3 Slope 
 The safety factor is calculated based on the slope map constructed from the DEM of a 1 m grid, and because the 
very low slope induces an excessively large safety factor (extremely safe), a slope of 5° or less was applied to the 
calculation as 5°, as shown in Figure 3.  
Fig. 3. Slope and histogram constructed from 1 m grid (a) slope; (b) slope histogram 
3.4 Detailed soil map 
 The soil texture is divided into clay, silt, and sand according to the grain size of the soil. The soil texture is further 
divided into nine types—sandy loam soil, silt loam soil, sandy soil, etc. Table 1 lists the specific weight, cohesion, 
and internal friction angle of the soils provided by the National Disaster Management Institute of Korea (Korea 
National Disaster Management Institute). 
Figure 3 is a 1:25,000 detailed soil map provided by the Rural Development Administration of Korea and shows 
the distribution of soil in the study area. A total of 16 soils are distributed in the study area—Danggol watershed. 
Among them, OsF, which occupies the southern part of the Danggol basin, and KIF2, which occupies the north, are 
the main components, which are classified as silt loam. 
Table 1. Total soil content by surface soil, specific weight, cohesion, and internal friction angle 
Soil type Sand (%) Silt (%) Clay (%) Specific Weight (t/m3) Cohesion Internal Friction Angle (°) 
Siliceous clay soil 10 55 35 1.73 1.15 22 
Silt loam 15 70 15 1.75 0.96 27 
Sandy loam 70 15 15 1.91 0.41 28 
Fine sandy loam 70 15 15 1.91 0.41 27 
Clay loam 30 30 40 1.79 0.98 20 
Loamy sand 80 10 10 1.94 0.27 30 
Loamy fine sand 100 0 0 2 0 30 
Loamy coarse sand 100 0 0 2 0 30 
Loam  40 4 20 1.82 0.74 25 
(a) (b) 
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Table 2. Area of different soils in the study area 
Soil Type Area (km2) 
Sandy loam (DEB, DEC, DbF2, DgF2, DpF2, MtE, SqE, StC, StD) 1.479 
Silt loam (KdD2, KIF2, KzE2, OsF, RC) 6.883 
Loam (OsE) 0.378 
Total 8.740 
Fig. 4. Soil distribution in the study area 
3.5 Soil parameters 
The specific weight, internal friction angle, and effective cohesion of the soil required for stability evaluation were 
determined according to the type of soil in the detailed soil map, each of which was constructed with a 1 m grid of 
Lester data and used to evaluate slope stability. Figure 5 shows the distribution of the specific weight of the soil, 
internal friction angle, and effective cohesion. 
(a) (b) 
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Fig. 5. (a) specific weight of soil; (b) internal friction angle; (c) effective cohesion 
4. Evaluation of slope Stability
Figure 6 shows the evaluation of slope stability results calculated using each parameter constructed in Section 3.
Stability factor of F ≥ 1.0 is a safe condition and if F < 1.0, it is unsafe. Therefore, in this study, areas with a safety 
factor F > 1.0 were not shown in the results. Furthermore, the ratio of the groundwater level to the effective soil depth 
(m) was expressed as either the saturated area (m = 1.0) or wet area (m = 0.5) to show a dangerous area.  
(c) 
(a) 
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Fig. 6. Slope stability result (a) m = 1.0; (b) m = 0.5; 
5. Conclusion
 In this study, a slope stability model was applied to Taebaeksan Mountain National Park to analyze the regions 
prone to landslides. The input parameters of the model were estimated according to the soil characteristics classified 
in the detailed soil map. The results of the slope stability analysis of the target area showed an increase in the risk area 
with soil saturation. In particular, a few sections of the A–C trails and sites where downstream commercial facilities 
were located were analyzed as areas prone to landslides with a low safety factor. Currently, however, only 6 regions 
prone to landslides are managed by Taebaeksan Mountain National Park, the region considered for the study; therefore, 
additional management is needed in the future. Future studies will verify the applicability of the model by analyzing 
the rainfall when the soil is wet and saturated (m = 0–1.0) through a field investigation. 
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